This paper attempts to highlight the growth and development of dark energy literature and make the quantitative and qualitative assessment by way of analyzing various features of research output based on Web of Science database. A total of 5858 publications were published on dark energy, which received 157,581 citations during 1999-2011. The average number of publications per year was 450.62, and the average number of citations per publication was 26.90. The publications peaked in 2011 with 934 publications, and the highest number of citations (26,404) important role on dark energy-related research followed by Asian Scientists. The exponential growth of publications was observed during the period. USA had the highest share (26.84%) of publications followed Peoples Republic of China with 13.74% publications, England with 11.71% publications, Italy with 10.84% publications, Spain with 7.90% publications, Germany with 7.27% publications, and India with 7.07% publications. Astronomy and Astrophysics accounts for the largest share 3920 (66.92%) of publications in the total worldwide output on dark energy which received 117,919 (74.83%) citations followed by Multidisciplinary Physics with 1242 (21.20%) publications, 29,775 (18.90%) citations and 23.97 average citations per publication. More than 80% of the publications appeared only in 15 key-journals.
INTRODUCTION
Dark energy is the name given to the unknown cause of the universe's accelerating expansion, one of the most significant discoveries in recent cosmology. Understanding the enigmatic ingredient of the universe and its gravitational effects is a very active, and growing, field of research. We commonly denote as dark energy the physics yet to be determined that causes the present acceleration of the universe. Dark energy is a very wide subject residing in unknowns of very different kinds, since the origin of the cosmic acceleration can be of very diverse nature. It can be linked to the presence of a new component of the universe in the form of a field with similarities to the field that causes inflation. It can be a departure of gravity from general relativity, or it can be related to vacuum energy. [1] The simplest model for dark energy is the cosmological constant introduced by Einstein into the equations of General Relativity in order to produce a static and finite Universe. Alternatively, dark energy might be due to a fluid of unknown particles, similar to the axion but much smaller in mass-quantum theory predicts that such particles could supply the requisite negative pressure to accelerate the cosmic expansion. [2] The discovery that the expansion of the Universe is accelerating put in place the present cosmological model, in which the Universe is composed of 4% baryons, 20% dark matter, and 76% dark energy.
However, in 1998, it appeared that instead of slowing down, the expansion of the universe was accelerating. This was explained by postulating the presence of an anti-gravity component in the universe, for which gravitational interaction is repulsive rather than attractive. It is believed that such as repulsive invisible fluid is permeating the universe and this is called 'dark energy. ' Scientometric evaluations have its own characteristics. Scientometric researchers are exploring features of information processes in scientific research but are far from finding the solution to all problems. [4] Scientometric studies covering all quantitative and qualitative aspects of the science of science also include quantitative and qualitative analysis of scientific literature (bibliometrics) as a reflection of science development and state-of-the-art [5] compared science to an edifice building upon the past, and indicated the potential for examining science through its literature, since published papers being the end product of much science research and its "building blocks" show the structure of this "edifice." Many scientometric studies have appeared in the literature to focus on the performance of nuclear science and technology. 
OBJECTIVES
The objective of the study was to perform a scientometric analysis of all dark energy publications in the world. The parameters studied include:
• to find out growth of publications and citations • to find out continent-wise distribution of publications and citations • to find out country-wise distribution of publications • to verify publication efficiency index • to verify activity index • to verify co-authorship index • to find out publications share of highly productive countries • to find out publication and citations according to number of collaborating countries • to find out country-wise distribution of publication according to impact factor range • to document, publications of Nobel Laureates in physics (2011) on dark energy • to document domain-wise distribution of publication and citations • to find out highly cited publication • to find out highly preferred journals and • to document quality of research output.
MATERIALS AND METHODS
Web of Science database was used for retrieving data on dark energy for all years using the search term 'dark energy' in 'topic' field. Records pertaining to dark energy were retrieved only from 1999 onwards. A total of 5858 publications and 157,581 citations received to these publications were transferred to spread sheet application and analyzed the data as per objectives of the study.
ANALYSIS

Year-Wise Growth of Publications and Citations
A total of 5858 publications were published during 1999-2011, which received 157,581 citations during the period. There were only 5 publications in 1999 on dark energy. The highest numbers of publications (934) were in 2011, and these publications have received the 4000 citations. The highest number of citations (26, 404) were received in 2003. The average number of publications published per year was 450.62, and the number of citations per publication during the period was 26.90. Figure 1 gives the year-wise growth of publications and citations. The highest number of average citations per publication (233.40) was in 1999. An exponential growth of publications on dark energy was observed. The highest growth rate (220.00%) was observed in 1999. Table 1 
Continent-wise Distribution of Publications and Citations
Publications and citations by world countries were grouped Chronological distribution of dark energy publications and citations of six continents is given in Figure 3 . It is observed from the figure that Europe had the highest number of publications in 2010, and a declining trend was noticed for Europe and North America in 2011. There is no significant change in publication productivity of other continents. Table 2 provides the highly productive countries in each continent.
Share of Publications of Highly Productive Countries
In all, there were 74 countries involved in research in dark energy, which published at least one publication. The publication share of highly productive countries (≥50 publications) on dark energy is given in Figure 4 . USA had the highest share (26.84%) of publications followed by Peoples Republic of China with 13.74% publications, England with 11.71% publications, Italy with 10.84% publications, Spain with 7.90% publications, Germany with 7.27% publications, India with 7.07% publications, Japan with 6.59% publications, France with 5.79% publications, and Brazil with 5.46% publications.
Publication Efficiency Index
Publication Efficiency Index (PEI) was used by Guan & Ma (2007) [8] in their studies as a measure of research quality. It indicates whether the impact of publications in a country in a research field is compatible with the research efforts. The value of PEI > 100 for a country indicates that the impact of publications is more than the research effort devoted to it for that particular country and vice versa.
Where: TNC i denotes the total number of citations of country i TNC t denotes the total number of citations of all countries TNP i denotes the total number of papers of country i TNP t denotes the total number of papers of all countries Figure 5 ].
Activity Index
The first research activity on dark energy was started in USA and People Republic of China in 1999. The countries like England, Italy, Spain, Germany, Japan, and Brazil had publications in 2000, and India and France in 2001. Table 3 presents the year-wise Activity Index of top ten countries. The Activity Index (AI) characterizes the relative research efforts of a country in a given subject (2007).
[ 28] USA (460. Publication and citation counting techniques have been used in the assessment of scientific activity for at least 50 years. During this activity, the main thrust of interest seems to flow along two connected but parallel paths: The bibliometric path of publication and citation counts as tools and an evaluative path using the same tools to illuminate the mosaic of scientific activity. [29] Co-authorship Index
Co-authorship Index (CAI) has been firstly elaborated by Schubert and Braun (1986) , [30] and is obtained by calculating proportionally the publications by single, two, multi-and mega-authored papers for different nations or for different sub-disciplines. This methodology is similar to the Activity Index. [31] CAI = 100 indicates that the number of publications corresponds to the average within a co-authorship pattern. CAI >100 reflects higher than the average, and CAI <100 indicates lower than the average. Here, the papers have been divided into four categories according to the number of authors, namely single-authored, two-authored, multi-authored papers with three to four authors, and mega-authored papers with five or more authors. It is clearly evident from the Figure 6 , which shows that the CAI for mega-authored publications for continents Africa, Australia/Oceania, Europe, and North America is more than the average. The relatively higher CAI of mega-authored papers indicates that scientists in these continents prefer to work in larger groups when compared to scientists in Asia and South America. The CAI which is lower than other continents indicates that the scientists in these two continents prefer to work in smaller groups. Figure 7 shows that the CAI for mega-authored publications for the countries England, Germany, Italy, Japan, and USA is more than the average. The relatively higher CAI of mega-authored papers for these countries indicates that their scientists prefer to work in larger groups when compared to scientists in India, Republic of China, and Spain. The CAI which is lower than other countries indicates that the scientists in these three countries prefer to work in smaller groups.
Top Countries According to Average Citations per Publication
The Average citations per publication (ACP) is one of the important indicators to know the quality of publications. Distribution of the highly productive countries (≥50 publications) according to average citations per publication is given in Figure 8 . 
Country-Wise Distribution of Publications According to Impact Factor Range
In all, there were 74 countries involved in research on dark energy. The publications were classified into four categories as publications without IF (000-000), Low IF (≥0.01-2.00), Medium IF (≥2.01-4.00), and High IF (≥4.01-52.00). Table 5 gives country-wise distribution of publications according to impact factor range.
Domain-Wise Distribution of Publications and Citations on Dark Energy
Based on the classification of subject-categories in web of Science, the publication output data of dark energy research was classified into six sub-domains [ Figure 9 ]. Astronomy and Astrophysics accounts for the largest share of 3920 (66.92%) publications from the total Figure 11 gives the distribution of various dark energy domains according to mean impact factor during the period under study. It is revealed from the analysis that there is a significant variation in mean impact factor in various dark energy domains. There are many reasons for variation in impact factor in various domains. [32] The highest mean impact factor (12.89) was for Multidisciplinary Sciences followed by Astronomy and Astrophysics (4.67) and Multidisciplinary Physics (3.44).
Variation of Mean Impact Factor in Dark Energy Domains
Publications of Nobel Laureates in Physics (2011) on Dark Energy
The Nobel Prize in physics (2011) was divided, one half was awarded to S. Perlmutter, and the other half was awarded jointly to B. P. Schmidt and A. G. Riess for the discovery of the "Accelerating Expansion of the Universe through Observations of Distant Supernovae." Table 6 provides the publications and citations received by the Nobel laureates in physics on dark energy. Figure 12 provides year-wise distribution of publications of Nobel laureates in physics (2011) on dark energy. It may be noted that the publications of Nobel laureates on 'dark energy' only were considered for this analysis.
Highly Productive Universities/Institutions
Among universities, the highly productive universities were: Univ Calif Berkeley-USA with 218 (3.72%) publications and 15,188 (9.64%) citations with 69.67 average citations per publication, Univ Cambridge-England with 145 (2.48%) publications and 6597 (4.19%) citations with 45.5 average citations per publication, Univ Chicago-USA with 200 (3.41%) publications and 29,453 (18.69%) citations with 147.27 average citations per publication, Univ Oxford-England with 126 (2.15%) publications and 10,011 (6.35%) citations with 79.45 average citations per publication, Univ Portsmouth-England with 145 (2.48%) publications and 7460 (4.73%) citations with 51.45 average citations per publication, and Univ Tokyo-Japan with 106 (1.81%) publications and 5697 (3.62%) citations with 53.75 average citations per publication.
Among research institutions, the highly productive universities were: Chinese Acad Sci-Peoples Republic of 
Journals Preferred for Publication by the Scientists
Highly Cited Publications
The highly cited 27 dark energy publications (which have got at least 500 citations) during the period of study are listed in The scientific literature on dark energy is spread over 160 different source journals. More than 80% of the publications are published in only 15 key-journals. 
Quality of Research Output
Around 97.41% (5706) of the total publications were published in the journals with impact factors (IF) ranging from 0.001 to 51.70 and received 98.57% (155,326) citations, and 1.43% (2255) publications published in journals having zero impact factor. Table 9 gives distribution of publications and citations according to impact factor range of journal publications. It is revealed from the 
DISCUSSION AND CONCLUSION
The phenomenon of dark energy which was reported in 1998 caught up the imagination of the scientists all over the world, and more than 400 publications were reported in various scientific journals within 4 to 5 years. As per the Web of Science database, a total of 5858 publications were published on dark energy, which received 157,581 citations during 1999-2011. The average number of publications per year was 450.62, and the average number of citations per publication was 26.90.
